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measure continuously in real time, the clotting process from the initial Gbrin formation, through platelet-fibrin interaction and lysis 
to generate blood coagulation parameters. The measured blood coagulation parameters permit con&mation of the attainment of 
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receptor blockade; individualized dosing assessment required to reach adequate GPflb/IIla receptor bk)ckade; illustration of the 

Q rale of diminishment of platelet inhibition or inhibition recovery alter treatment with platelet-inhibition drugs; evaluation of the 
interaction effect of a combination of thrombolytic or any other agents or conditions effecting hemostasis and platelet-inlubiting 

^ agents on patient hemostasis. 
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M£THOD AND APPARATUS FOR MONITORING ANTI-PLATEUET AGENTS 

Cross-Reference to Related Applications 

is This application is a continuation-in-part of United States Patent ^plication Serial No. 

09/255,099, filed Februaiy 22, 1999, entitied Method and Apparatus for Measuring Hemostasis, 
the disclosure of which is hweby expressly incorporated herein by reference. 

Reld of flie Invention 

10 The present invention relates to a method and ^paratus for monitoring the efficacy of 

anti-platelet ^ents. 

Bad^round of Invention 

Blood is the circulating tissue of an organism tiiat carries oxygen and initiitiveinaterialsto 
the tissues and removes carbon dioxide and various metabolic products for excretioa Whole 

15 Mood consists of a pale yellow or gny yellow fluid, plasma, in which are suspended red Uood 
cells, white Uood cdls, and platdets. 

An accurate measurement of the ability of a patient's Uood to coagulate in a timdy and 
e&ctive &shion is crucial to certain surgical and medical jx^ocedures. Accelerated (rapid) and 
accurate detection of abnormal coagulations is also of particular importance in respect of 

20 appropriate treatment to be given to patients suiGTering fiom clotting disorders and to intern it majr 
be necessary to adxnnisto' anti-coagulants, antifibrinolytic agents, tiirombolytic agents, 
anti-^platdet agents, or Uood con^naits in a quantity v/bich must clearly be determined after 
taking into account the abnormal con^nents or "Actors" of tiie patient's blood vMA tnay be 
contributing i^tiie clotting disorder. 

25 ■• .H»x)stasis is a dynamic, extremely complex process involving many interacting &ctors. 
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which include coagulation and fibrinolytic proteins, activators, inhibitors and ceDular elements, 

such as platelet cytoskeleton, platelet cytoplasmic granules and platelet cell sur&ces. As a result, 

during activation, no fector remains static or works in isolatioa Thus, to be complete, it is 

necessary to measure continuously aU phases of patient hemostasis as a net product of whole 

5 blood con^nents in a non-isolated, or static fashion. To give an eTcan^le of the consequences of 

the measuring of an isolated part of bemostasis, assuone that a patient devdoped fibrinolysis, 

v^cfa is caused by the activation of ]dasrimogen iiito plasmin, an enz^i^ 

clot. In this scenario, a byproduct of this process of fibrinogen degrading product (FDP), which 

behaves as an anticoagulant If the pati^ is tested only for anticoagulation and is treated 

10 accordingly, this patient may remain at risk due to not being treated with antififannoiytic agents. 

The end result of the bemostasis process is a Aree-diinensi(Mial network of polymerized 

fibrin(ogen) fibers whic^ together with platdet £j^protein nh^^ 

forms the final clot (FIG. 1). A unique jH-operty of this network structure is that it behaves as a 
ngid elastic solid, cq>able of resisting deforming shear stress of the drculating hbod. The 

1 5 strength of the final dot to resist delbrmiiig shear stress is determined by the structure and density 

of the fibrin fiber network arid by the fi>rces exerted by fhe paiticqpatiiig plaj^ 

Platelets have been shown to effect the mechanical strength of fibrin in at least two ways. 
First, by actiiig as node branchiiig points, they significantly enhaix;e fibrin structure rigidity. 
Secmdly, by exertiiig a "ti:^ggnqg " force on fibers, by Ihe contractability of platelet actoniyosin, a 

20 musdeproteinthatis apartofacytoskd^or^inedialedconlractibilityiw Thefi>rceof 
this cmtractalAlity fiirtfaer enhances die streng^ of the fibrin structure. The platdet receptor 
GPIIb/IIIa appears crudal in anchoring polymerizing fibers to the underlying cytoskel^on 
contractile apparatus in activated platdets, thereby mediating the transfer of mechanical force. 
Thus die clot tiiat devdops and adheres to the damaged vascular system as aresidt of 

-2- 
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activated hemostasis and resists the defomnng shear stress of the circulating blood is, in essence a 
mechanical device, formed to provide a "temporaiy stopper", that resists the shear force of 
circulating blood during vascular recovery. The kinetics, strength, and stabiUty of Ae clot, that is 
its physical property to resist the deforming shear force of the circulating blood, determine its 
5 capacity to do the work of hemostasis, which is to stop hemonhage without permitting 
inappropriate thrombosis. This is exactly what the Thrombelaslograph® (TEG®) system, 
described below, was designed to do, yAddi is to measure Ae time it takes for initial fibrin 
formation, the time it takes for the dot to reach its maximum strength, the actual maximum 
strength, and the dofs stability. 
10 Blood coagulation anailyzer instruments have been known since Professor Helmut 

HartertdevdopedsuchadeviceinGemffliiyinthel940»s. Qne^of Mood coagulation 
analyze is described in commonly assigned U.S. Patent No. 5,223,227, Ae disdosure of 
whidi is hereby expressly incorporated herdn by reference This instranent, 4e TEG® 
Coagulatk>n Analyzer, noonitors the elastic properties of blood as it is induced to dot under a 
15 low diearenvin)nmBntresenAling sluggish venous Wood flow. The patterns of chaises m 
diear elasticity of the devdoping dot enable the determination of fte kinetics erf dot 
fonmtion, as weD as the strength and stability of the formed clot; m short, the mediamcal 
properties of the devdoping dot. As described above, the kinetics, strength and staMity of 
the dot provides information about the aWity of tfie dot to perform -mechanical woric", ia, 
20 resisting Ae defoming shear stress of the circulating Wood; in essence, the dot is the 

dementary madiine of heanostasis, and the TEG analyzer measures the ability of Ae dot to 
perform mechanical work througjiout its structural devdopment The TEG systan measures 
continuoiBly all phases of patient hemostasis as a net product of whole btood components in a 
non-isolated, or static &^on from the time of test initiation until initial fibrin formation, 
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through dot rate strengthening and ultimately clot strength through fibrin platelet bonding via 

platelet GPlWnia recq>tors and clot lysis. 

Platelets pliy a critical role in mediating ischemic conq>lications after percutaneous 
transhuninal coronary angioplasty (PTCA). Inhibition of the GPflWina receptor is an 
extremely potent form of antiplatelet therapy that can resuh in dramatic reduction in the risk of 
death and myocardial infection. Hie introduction of the muiineflniman chimeric antibody 
fragment c7E3 Fab (abdximab, ReoPro®) has resulted in the widespread availabilily and 
increasing clinical use of this therapy. Several synthetic forms of CffllWraa antagonists were 
recently ^{voved, such as Aggrastat® (tirofiban) and Int^riHn® (eptifibatide); wifli Hbe 
availability of oral agents, even greater use of tbb form of tiier^ is sq>ected. 

Cunoitty Aere is no rqnd. reUaUe. quantitative, point-of-care test for mraiitoring 
therapeutic platelet blockade. Ahhough the turbidimetric aggregation test has been used to 
measure the degree of platelet GPIIh/ffla receptor blockade in smaD dinical studies and 
dose-findmg studies, its routine clinical use for dosing GPIIb/ma lecqrtor antagonists in 
individud patients has not been fe»Ue. Aggregation is tim&«msuming (more than one 
hour), expensive to run. requires specialized peisonnel for its performance, andis not readi^ .. 
availaUe around the clock; flierefoie it cannot be enqdoyed for routine patient mmiitoring and 
dose individualizatioa To be ctinical]y usefiil, an assay of platelet inhibition must provide 
rapid and reliable information regaidiiig receptor blockade at the bedsM 

dose modifbation to acliieve die desired anti-i^det efibct. 

The turbidimetric aggregation test is based on the photiMnetric principle, wfaidi 

monitors the change in tiie specimen's optical doisity. Initially, a nmimal amount of light 

passes tiirough specimen as fimctional platdets are activated \v the turindimetric test; 

platdet i^gregatimi occurs via i^atdet GPIIta/nia receptor and fibrin(ogen) braiding as 
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illustrated in Figwe 1, and thus light transmission increases. When platdets are inhibited 

through GPnh/ina receptor Uockade, light transmission increases proportionally. 

The Ultegra® system available from AccumetricsofSan Diego, California, measures 

fibrinogen-platelet bonding using beads coated with a fixed amount of an outside source of 

5 ''normal'* fibrinogen. Therefore, the Ult^a® system uses a non-patient source of "normal" 

fibrinogen and cannot detect a patient in a prothrombotic state (hypercoagul2d)le) due to a 

higher patient levd of fibrinogen, or detect a hemonhagic state (hypocoagulability) due to a 

low patient level of fibrinogea Additionally, tiie UltegraiES) system shows only bonding 

without detection of the breakdown of that bonding. Therefore, in the presence of 

1 0 thrombolysis, the assessment of piatdet GPIIb/ina receptor blockade by the Ult^;nKg> sysiem 

may not be accurate. Fibrinogen-platelet GPnbUIa bonding is the initial phase of platelet 

aggr^ation, or a primary hemostasis platelet plug, which goes m to form the final 

fibrin-platdet bonding. 

Thus, it is not sufiBdent to measure only the initial stage of fibrinogen-platdet bonding, vAadti 
1 5 may not accurately reflect final fibrin-platdet bonding via the GPIIb/nia recqitor. 

While the turUdjiinetric and .Ult(^ni$). systems do.die^ect initiation of platelet aggregation via 
fibrinogen-platdet CPUb/IIIa rector bonding, it may not accurate^ reflect final 
fibrin>phitdet bonding via the GPIIb/IIIa receptor. In additi(»i, the Uh^a® test is based cm 
the photometric piind|^ similar to that of the turbidimetric aggregation test. 
20 Significant anxnig tiie linntations of the Ultegrafi) system is its use of beads coated 

with "normal' fibrinogen. This "normal" fibrinogen may not reflect either the qiiantity or the 
fimctionality of a specific patient's own fibrinogen. Therefore, fifarinogen>platdet CPIIb/IIIa 
receptor blockade as measured by the Ultegra® system is but a rough estimate of the patienf^ 
individual fibrmogen-platdet GPIIb/IIIa Uockade of the initial phase of platdet aggregationL 



10 



20 



WO 01/96879 PCrAJSOi/18154 

This is a significant limitation in certain high risk patient subgroups, whidi may need 
treatment with a platelet inhibition agent, may have a higher or lower levd of fibrinogen and 
thus would need an accurate assessmoit of platelet GPIibtoa recqptor Wockade to reduce 
bleeding conq>lications due to under assessment of platelet GPHb^Ha recqitor Uodcade, or 
ischemic evoits due to over assessment of platelet GPIIWina receptor blockade. In addition, 
fibrinogen levd and fimctionality may diange during die trauma of int«-ventional procedures. 
At this time it is invoative to make an accurate assessment of platdet (H>nhaila recqptor 
blockade in real time, during and following the procedure. 

Thus, there is a need for a mefiiod and ^paratus for measuring the efficacy of 
and-platdet agents^ continuously and over the entire dotting process fiom initial clot 
formation 1faroiig}i lysis. 



Brief Description of ttie Drawinp 
FIG. 1 is graphic iDustration representiiig ifae medianism of platelet aggr^aticxi. 
15 FIG. 2 is a sdiematic diagram of a Wood coagulation analyzer in accordance wi^ a 

pieferredembodiinent of the invention, 

HG. 3 is a idot ilhisfcrating a bCTiostasis profile gen^ated by tiie blood coagulation 
analyzer shown in FIG. 2. 

FIG. 4 is a plot iQustratii^ dose dependant ^fect of an anti-platelet tiier^. 



Detailed Description of the Preferred Embodiments 
In accordance witfi the preferred embodinoents of the invention, a blood coagulation 
analyzer, sudi as the Thrombelastograph® (TEG®) blood coagulation analyzer available from 
Haemoscope Corp., Skokie, Illinois, is modified and utilized to measure continuously in real 
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time, the clotting process from the initial fibrin fonnation. through platdet-fibrin GPUWUIa 
bonding and lysis. While several specific anti-plaldet agents are discussed herein in 
connection with the preferred en*odinients of fte invention, it vwB be ^>precialrf 

invention has ^plicaticm in connection with virtually any anti-platdet agents. Moreover, h 
5 win be iurflierwreaatedftat the invention has appUcati<mfi>rn«asuringflje^ 

coagulation enhancing or platdet activating agents. 

In accordance with the preferred embodiments of Ae invention, utifization of flie blood 
coagulation analyzer in accordance witii the inventive jwotocol permits: confirmation of Ae 
attainment of Aer^wutic levd of GPHWina receptor falodcade; individualized dosiqg 
10 assessment to evahiate attainncDt of adequate <a»IIb/ina receptor blockade individualized 
dosing assessment required to reach adequate GPIIWIlIa receptor blodcad^ iUustiaticMi of Ae 
rate of dinnushment of platdd inhibition or inhibition recovery after treatmeait with platdet- 
inbibftion dnigs; evahiation of tite intecaction effect of a combinatimi of tbrontelytic and 

idatdet-iidiibiting agents, on patient honostasis. 
15 Hie jwesent invention utilizes a blood coagulatiMi analyzer 10, sudi as the 

Hirombelastograph® (TEG€>) Mood coagulation analyzer referenced above, to measure the 
dof^pfaysicd properties. An exemiJaiy blood coagulation analyzw 10 is described in detail in 
die aforementioned United States Patent Application Send No. 09/255,099. and a complete 
discussion is not repeated here. Wifli reference to HG. 2, to assist in the understanding of Ae 
20 inventiwi, however, a brief description of Ae Hood coagulation analyzer 10 is provided. The 
Uood coi^iitetion analyzer uses a spedd stationary cylindricd cup 12 Aat holds aUood 
sanple 13. The cup 12 is co«y led to a drive mechanism that causes the cup to osdDate 
throu^ an angle a, prderably about 4»45'. Each rotation cyde lasts 10 seconds. A pin 14 is 
suspended in Ae blood sample 13 by atorsion wire 15, and the pin 14 is momtored for 
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motion. The torque of the rotating cup 12 is transmitted to the immersed pin 14 only after 
fibrin-platdet bondii^; has linked the cup 12 and pin 14 together. The strength of tfiese 
fibrin-platdet bonds affects the magnitude of the pin motion, sudi that strong dots move the 
pin 14 directly in phase with the cup motion. Thus, the magnitude of the output is directly 
5 related to the strength of the formed clot. As the dot retracts or lyses, these bonds are broken 
and the transfer of cup moticm is diminished. 

The rotation movement of the pin 14 is converted hy a medianical-electrical transducer 
16 to an electrical signal, y/iuch can be monitored by a con^ter (not shomi in FIG. 2) 
including a processor and a control program. 
10 The computer is operable on the dectrical signal to create a hemostasis profile 

corresponding to the measured dotting process. Additional^, the computer way indude a 
visual display or be coi^led to a printer to provide a visual representation of the hemostasis 
profile. Such a configuration oftheconputer is weU within the skills of <Hie having 
skill in the ait. 

15 As will also be described, based upon an assessment of the hemostasis profile, Ifae 

computer, throu^ its control program, may be adapted to provide dosing cecomnne n dati on s. 

As shown in FIG. 3, die resulting hemostasis profile 20 is a measure of ftie time it takes for the 
fiist fibrin strand to be fi>nned, the kinetics of dot formation, the strength of the dot (in shear 
elasticity units of dyn/cm?) and dissolution of dot. Table I, bdow, provides definiti(»is fiyr 

20 several of these measured paranneters.. 
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K 


p t^iTv> i<: the neriod of tiine of latency from the time that the blood was placed in 
the TEG® analyzer until the initial fibrin foraiation. 


a 


a measures the rapidity of fibrin buiJd-up and cross*hnking (dot strengthoimg) 


MA 


MA, or Maximum An^litude, is a direct fiinction of the maximum dynamic 
properties of fitain and platelet bonding-via GPIIb/IIIa and represents the ultimate 
strengdi of the fibrin dot 


LY30 


LY30 measures the rate of an^litude reduction 30 minutes after MA and 
represents clot retraction, or lysis. 



TaUel 



Clinically^ these measurements provide a vehide for monitoring anti-coagulation 
5 ther^ (e.g. hqiarin or war&iinX thrombolytic tfaerqjy (e.g. tPA, streptokinase, urokinaseX 
efiEbct of antifihrinolytics (e.g. e-amino-caproic add (Amicar®), tras>iol (aprotininX 
tranexannc acid (TX)X effect of anti-platdet ^ents (e.g. abcbdmab (RooPro®), eptifibatide 
(Int%rilin®X tirofiban (Aggrastat®X blood component transfusion Aerapy^ thrombotic risk 
assessment in cancer and infection, hi^ risk surgery and other, conditions vMA could 

10 possibly lead to excessive dotting (faypercoagidaUe conditions) or excessive bleeding 

(hypocoagulable conditionsX In accordance with the invention then, Ac Mood coagulation 
analyzer 1 0 is usefiil in testing the dinical efficacy of drug therapy to stop fibrinolysis,- or the 
efficacy of thrombolytic drugs to monitor thrombolysis, efficacy of anti-platdet agents to 
monitor platdet iiihiUtion, and isdiemic complications. 

15 Quantitatively, flie blood coagulation analyzer 10 and associated computer plot the 

strength of the dot against time, v/here the onset of dot fomoaticH], the reaction time (RX is 
noted (FIG. 3). This plot also indicates the maximum clot strength (or rigidityX MA, of a 
blood sample. MA is an overall estimate of platdet-fibrin GPIIbflttla bonding, which is used, 
for example, to guide post-operative blood platdet or fibrinogen replacement therapy. 

20 Between platdets and fibrin done, an afanoimdly low MA iniplies that tfiere is an abnormality 
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in blood platdets (ie., a quantitative or functional defect) and/or an abnoimality in fibrinogen 

i 

content in the blood. However, fay keeping fibiinogm level and platdet number constant, any 
change in MA would reflect changes in platelet function. Therefore, fay testing the same blood 
sample two w^s, one with an anti-platdet agent and one without, the difference between the 
two MAs reflects the effect of the anti-platdet agent on platelet fiinctioa 

Platelets play a critical role in mediating ischemic con^Iicatioiis resulting m stroke and 
rnyocardial infarction. Inhibition of platelet function by anti-platdet agents (p]atdet<-blocker 
drugs) such as aspirin, the antibody j&agment c7E3 Fab, abcixiroab (ReoPro®), or clopidogrd, 
(Plavix®), can result in a dramatic reduction in the risk of death, m/ocardial mfiurction, or 
reocdusion after percutaneous transhmanal coronaiy apgioplasty (PTCA) or intra-arterid 
thrombolytic tiierapy (lATT). Administration ofexcessive amounts of anti-platdet agents 
could lead to life-threatening bleeding. Therefore a precise estimate of platdet function 
inhibition in a given patient is veiy important for the monitoring of the drug ihsnpy because of 
die nanrow lisk/therapeutic ratio with tins class of drugs. 

Using the above strategy, whidi keeps fibrinogen level and {datdel number constant, it 
.is possible to properl/ administer and monitor antirplatdet agents or modify fhek dosages, or . 
to measure the contribution of fibrin to MA (MAihd) and by sufatraction to 
contrifaulion of platelets to MA (MAp) as MAp = MA - MAns. 

Therefore, in accordance with die preferred embodiments of die inventioii, to properly 
monitor anti-platdet agents, the foUowing procedure is followed: 

h The blood coagulation analyzer 10, as it is commonly used, measures platdet 
function (MA or MAp) that is stimulated by thrombin, the most potent platelet 
activator. To sensitize MA or MAp to a small inhibition of plateld function, 
platdet function should be activated by a less potent platdet activator than 

-10- 



wo 01/96879 PCT/USOl/18154 
thromlxn, sudi as ADP. Therefore, when ninning hlood samples in the blood 

coagulation analyzer 10 in this instance, formation of thrombin is inhiUted 

with, for examine, sodium dtrate, and ADP is used instead to activate the 

platdet fimcticm. 

2. Unfortunatdy, thrombin is also involved in activating fibrinogen to fibrin 
conversioiL Having inhibited thrombin fonnaticm in step 1 with sodium citrate, 
it is necessary to use another enzyme to activate fibrinogen. Reptilase, indiose 
sole fimction is to activate the fibrinogen to fibrin conversion, is a suitable 
enzyme. The dot is now stimulated by reptilase (fibrinogen activation) and 
ADP (platdet activation). Thestrengthofthedotismeasuredfay MA, andtiie 
contribution of platelet fimction to the strength of the dot is measured fay MAp, 
as described above. 

3. The dot that is formed by a fibrinogen activator like reptilase and a platdet 

. . activator like ADP is. typically -weaker than one devdoped by thronibia 

Therefore, the torsicm wire 15 described above is sdected to be sensitive to a 
weaker dot and to be able to measure the dianges inMA and MAp due to the 
small efifect of anti-platdet agents such as ReoPro®. 

Based on the above, the fi>llowiiig protocol may be implemented: 

L Torsion wire modification of the blood coagulation analyzer 10: by 
produdi^ different strength torsion wires for various sensitivities to diear force 
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to adequately measuring the efifects of anti-platdet agents of various potencies 
may be measured. The sensitmty of the torsion wire is generally rdaled to 
gauge. Torsion wires having gauges to sense clot sensitivity in a raiige from 
about 150 to about 1000 cfyn/cm' are suiUble for adaptation to the Hood 
5 coagulation analyzer described in the aforementioned United States Patent 

Application Serial No. 09/255,066. 

2. Reptilase-triggered agoiiist-activated blood san^le: Batroxahin (reptilase, 
Pentaphaim) would be used (15 |d of reconstituted reptilase reagent) would be 

10 pre-added to thecup 12 to activate fibrinogen to fibrion. In addition to the 

Batroxabin, ADP (20 pM final concentration) would be pre-added to 4e cup 
12. 345 pi of dtrated whole Wood would be added to the prewarmed cup 12 
containing Batn)xabin awi ADP, and niaxinMl clot stroi^ 
In addition, a control sample, resulting in complete inUfafticm of the platelet 

15 oHilnTnition the clot strength (MAitb), would ato 

Batroxahin and an anti-platdet agent being added to the cup 12, providing a 

measure of the contribution of fibrin in the ebseoce of the augmenting eflfect of 
fdatdets to clot strei^^ 

20 MApB is iiKasured before the patient is treated wifli the anti-platelet ^ent and MApa is 
measured after treatment. Platdet inWlAion due to the drug efiFect wiB be c€«vuted as 

follows: 

MAiq^M^-MAfsb 
MApa^MAa-MAfib 
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It will be sqjpredated by those having skOl in the art that measuring clot strength as 
described above requires a torsion wire that is sensitive to the typically weaker dot formed 
5 under conditions of thrombin inhibitioa Howeva-. different testing protocols may look to 
dots haviiig strengths in ranges equal to or greater than typical throiid>insY^ In 
such cases the torsion wire 15 will be selected to be sensitive to sudi stroi^er dots. Torsion 
wires of several gauges providing a range of sensitivities iSrom about 100 dyn/cn^ to 5000 
dyn/cm' therefore may be utilized. 

10 Preliniinaiy in vitro findings, illustrated in FIG. 4, with one platdet blocker, die 

antibody fragment c7E3 Fab, abcbdmab, ReoPro®, show tiiat ReoPro® concentrations result 
in a dose-dependent reduction in clot strengdi of reptilase-trigger, ADP*activated blood 
sample. It should be further appreciated that the invention has application to measming olhe^ 
parameters of dot fonnatiw. For exanple,tiie Hood coagulatk>n analyzer 10 measures the 

15 blood dotting process from the time of test initiation until the initial fibrin fbrmaticMi, tiiroi^ 

dot rate strengttiening,aind dot lysis. Therefore, in accordance in the invention, it is possible — 

to measure the effect of the presence of hqparin by evaluating the R parameter, wfaidi as 
described above indicates the inhibition in initial fibrin formation. It is also possible to 
measure the eiScacy of drug ibesrsepy on thrombolytic activity by observing the parameter LY, 

20 wUdi indicates the rate of dot lysis. 

It is wdl-documented that there is consickrat^e person-to-person variability in the 
number of GPIIb/ma receptors per platdet and its ligand binding function. FurtiiemiDre, 
variable inhibition of GPIIb/IIIa function, in part due to the differences in platelet count, may 
occur after admiiustration of a fixed, v^^t-adjusted dose of a platdet Uocker. Higihei risk 
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patient subgroups, sudi as diabetic patiaits undergoing PTCA, may require greater doses of 
platelet inhibition than is currently being attained after wdght-adjusted platelet blocker 
tho-apy, ^ch at this time is not individualized to assure the attainnmt of adequate 
GPUh/IIIa receptor blockade. The potential for hemorrhagic or ischemic events suggests the 
5 need for individualized assessment and projecting of needed dosing to assure the attainment of 
a therapeutic level ofreceptor blockade, in real time. The apparatus and method in 
accordance with ±e prefen-ed embodiments of the invention imvides tins capability. 

The invoition has been descnl)ed in tenro of several preferred cnibodimen Oneof 
skifl in the art will appreciate that the invention m^ be otherwise embodied without departing 
1 0 from its fidr scope, t/rfncfa is set forth in the subjoined claims. 
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CLAIMS 

We claim: 

1 . A method of measuring the efficacy of anti-platelet agents comprising the steps of: 
providing a blood coagulation analyzer, the blood coagulation analyzer capable of 

measuring a clot strength in the range of about 100 dyn/cm^ to about 1000 dyn/cm^; 

determining a first blood coagulation parameter of a first blood sample obtained in the 
absence of an anti-platelet therapy using the blood coagulation analyzer; 

detemiining a second blood coagulation parameter of a second blood sample obtained in 
the presence of an anti-platelet therapy using the blood coagulation analyzer; and 

detennining an efficacy of the anti^platelet agents based the first and second blood 
coagulation parameters. 

2. The method of claim 1, wherein the step determining the first blood coagulafion 
parameter comprises the steps of: 

testing an as sampled portion of the first blood sanq[>le to determine a first characteristic 

and 

testing a portion of the first blood sample treated in vitro to inhibit thrombin activation 
and to preserve fibrino^n and platelet activation to d^ennine a second characteristic. 

3. The method of claim 1, wherein the st^ detennining the second blood coagulation 
parameter comprises the steps of: 
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testing an as sampled portion of the second blood sample to determine a first 

■I 

characteristic and 

testing a portion of the second blood sample treated in vitro to inhibit thrombin activation 
and to preserve fibrinogen and platelet activation to detemiine a second characteristic. 

4. The method of claim 1 , wherein the blood coagulation analyzer provides for the 
substantially simultaneous testing of the first and second blood samples. 

5. The method of claim 1 , performed in conjunction with the administration of at least one 
of the following blood coagulation therapies: anti-coagulation ther^y utilizing the 
administration of heparin or war&rin, a thromolytic therBpy utilizing the administration of tPA, 
str^tokinase, urokinase^ an antifibrinolytic then^y utilizing e-amino-csQiroic acid, trasylol, 
tranexamic acid, an anti-platelet dierapy and a blood componoit transfiision tber^y. 

6. The method of claim 1, wherein the method is performed in connectioQ with assessment 
of thrombotic risk 

7. The method of claim 1, wherein the method is performed in connection with one of an 
assessmoit of a hypercoagulable condition and a hypocoagulable condition. 

8. The method of claim 1 , wherein the first and second blood coagulation parametm are 
based upon one of: a latency period to clot formation, a rate of clot formation, a maximum clot 
strmgth and rate of clot lysis. 
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9. The method of claim 1, wherein the first and second blood coagulation parameters 
correspond to an estimate of fibrin-platelet interaction. 

1 0. The method of claim 1 , wherein the first blood coagulation parameter is represented by a 
first maximum amplitude measurement and the second coagulation parameter is i^resented by a 
second maximum amplitude measurement, and wherein the stqp of determining an efficacy 
comprises comparing the first maximum amplitude with the second maximum amplitude. 

11. An ^aratus for measuring the efficacy of an anti-platelet iherBpy comprising: 

a blood coagulation analyzer operable to measure a first blood sample in the absence of 
the anti-platelet ibsrapy and a second blood sample in the presence of the anti-platelet thmpy to 
resfpectively generate a first blood coagulation parameter and a second blood coagulation 
parameter, wherein the first blood coagulation parameter and the second blood coagulation 
parameter are related to blood clot strraigth; and 

a processor, the processor haviiig an associated control program for directing the 
operation of the processor, for detennining an efficacy of the anti-platelet ther^y based upon the 
first blood coagulation parameter and the second blood coagulation parameter. 
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